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(54) FRICTION STIRRING JOINING METHOD 



(57)Abstract 

PROBLEM TO BE SOLVED: To provide a friction stirring joining method that 
causes no holes or recesses after a probe is pulled out, in joining members 
having parts to be welded in the peripheral direction on the circumferential 
surface. 

SOLUTION: The end faces are abutted on each other of the two joining 
members 1, 2 that consist of an aluminum pipe material having a circular cross 
section, with a rotating probe 22 inserted into this abutted part. Then, while the 
part in contact with the probe 22 is softened by frictional heat and stirred, the 
joining members 1, 2 are rotated so that the abutted part successively passes 
through the probe 22. When the joining members 1 , 2 make one rotation, they 
are stopped. After that, an abutting member 10 is applied against the joining end 
W2 in the tangential direction of the seam in this joining end. Then, the probe 22 
is moved to the abutting member 10. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Inserting the rotating probe (22) in the aforementioned joint (3) in the joint material (1) which has the joint (3) of a 
hoop direction in a peripheral surface, and (2), softening the contact section with a probe in frictional heat, and agitating By 
moving a probe (22) relatively along with the aforementioned joint (3) in the state of insertion In the friction churning conjugation 
method which joins the aforementioned joint material (1) and (2) to the junction trailer (W 2) of the aforementioned joint material 
The friction churning conjugation method characterized by guessing in the tangential direction of the junction line in this junction 
trailer, or the direction near it, applying a member (10), making it pass and moving the probe (22) of the aforementioned insertion 
state for a junction trailer (W 2) to a reliance member (10). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the friction churning conjugation method which joins 
the peripheral surface of the joint material which has a circular cross section or a polygon cross section to a hoop direction, if 
the friction churning conjugation method used for junction of metal material, such as for example, aluminum material (aluminium 
alloy material is included), is explained in full detail. 
[0002] 

[Description of the Prior Art] For example, as shown in drawing 8 (a), when comparing the end faces of the joint material (51) 
which consists of two metallic-pipe material which has a circular cross section, and (52), comparing both [ these ] joint material 
(51) and (52) and continuing and joining to the perimeter of the section (53), the friction churning conjugation method which is 
one of the solid phase conjugation methods may be used. 

[0003] It will be as follows if this friction churning conjugation method is explained. That is, the aforementioned probe (62) is 
inserted in the matching section (53) of both joint material (51) and (52) from the peripheral face, rotating the aforementioned 
rotator (61) using the junction tool (60) which the pin-like probe (62) of **** projected and was formed on the edge axis of the 
pillar-like rotator (61) of path size at one, as shown in this drawing. Generally, insertion is performed until the shoulder (61a) 
which consists of a probe side flat side of a rotator (61) contacts both joint material (51) and (52). 

[0004] And with a probe insertion state, as shown in drawing 8 (b), both joint material (51) and (52) are rotated focusing on the 
axis (Q) so that the matching section (53) may pass a probe (62) one by one. Or although not illustrated, a probe (62) may be 
compared in the state of insertion, and may be moved to the hoop direction of both joint material (51) and (52) along with the 
section (53). With the frictional heat generated by rotation of a probe (62), or the frictional heat further generated with the 
shoulder (61a) of a rotator (61), and sliding with both joint material (51) and (52) While softening both joint material (51) and (52) 
[ near the contact portion with a probe (62) ] and being agitated by the probe (62) After carrying out a plastic flow with 
movement of a probe (62) with rotation of both joint material (51) and (52) so that a softening churning portion may fill the 
passage slot on the probe (62), frictional heat is lost quickly and cooling solidification is carried out. This phenomenon is 
successively repeated with movement of a probe (62) with rotation of both joint material (51) and (52), and finally both joint 
material (51) and (52) compare, and it is joined in the section (53). In this drawing, (X) is the junction bead section formed of this 
friction churning junction, and is formed along with the matching section (53). Moreover, (X1) is a junction leader. 
[0005] According to such a friction churning conjugation method, since it is solid state welding, it is not limited to the kind of 
metal material which is joint material, or there is an advantage, like there is little deformation by the heat distortion at the time 
of junction. 

[0006] By the way, if a junction leader (X1) returns to the insertion point of a probe (62) when carrying out friction churning 
junction of the above-mentioned joint material (51) and (52), since it is not necessary to join any more, after stopping rotation of 
joint material (51) and (52), as it ** to drawing 9 , you have to draw out a probe (62) from joint material (51) and (52). 
[0007] 

[Problem(s) to be Solved by the Invention] However, if a probe (62) is drawn out from the peripheral face of joint material (51) 
and (52) to shaft orientations, the hole (54) corresponding to the path of a probe (62) and the immersion depth will surely remain 
in a junction trailer (X2). Since this hole (54) is that to which a bonding strength is reduced locally, it must remove or bury this 
after a junction end. 

[0008] this hole — the method of filling up a hole (54) with molten metal as a processing means by melting welding of the 
method of embedding a pin at a hole (54), TIG, MIG, etc., etc. is proposed However, since the method embedding a pin only fixes 
a pin by mechanical penetrating, it is deficient in reliability on the strength. Moreover, the method by melting welding has 
problems, like the fall of a bonding strength and heat distortion arise with the welding heat generated at the time of welding. 
[0009] In addition, although not illustrated, when carrying out friction churning junction of the joint material which consists of a 
joint from which a junction trailer does not return to a leader, for example, the plate which has a straight-line-like joint on a 
front face, a weld tab is attached in the direction of a junction line at the junction trailer in the end face of joint material, and 
the method of drawing out this probe from a weld tab, after moving a probe (62) to a weld tab, and subsequently removing this 
weld tab is effective. 

[0010] However, since the anchoring place of a weld tab does not exist in joint material in applying to the circumferential 
junction performed in accordance with the peripheral surface of the joint material which has circular cross sections and polygon 
cross sections, such as periphery junction which was described above, this method cannot apply this. 

[0011] Drawing out the probe (62) of an insertion state from the other end side of joint material (51) and (52), when joining the 
above-mentioned joint material (51) and (52) moreover, idea ** In this case, since a crevice (not shown) will be formed in the 
other end side of joint material (51) and (52) as drawing marks of a probe, the problem that the appearance of the junction 
article obtained becomes bad arises. 

[0012] This invention was made in order to solve such a problem, and it aims at offering the friction churning conjugation method 
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which does not produce the hole or crevice after probe drawing in the friction churning conjugation method which joins the joint 

material which has the joint of a hoop direction in a peripheral surface. 

[0013] 

[Means for Solving the Problem] This invention inserting the rotating probe in the aforementioned joint in the joint material 
which has the joint of a hoop direction in a peripheral surface, softening the contact section with a probe in frictional heat, and 
agitating, in order to attain the above-mentioned purpose By moving a probe relatively along with the aforementioned joint in the 
state of insertion In the friction churning conjugation method which joins the aforementioned joint material, it is characterized by 
guessing in the tangential direction of the junction line in this junction trailer, or the direction near it, applying a member, making 
the junction trailer of the aforementioned joint material pass a junction trailer, and making it move the probe of the 
aforementioned insertion state to a reliance member. 

[0014] According to this, by guessing in the tangential direction of the junction line in this junction trailer, or the direction near 
it, and applying a member to the junction trailer of joint material, the probe of an insertion state can be applied with an insertion 
state, and can be moved now to a member. And if a probe guesses and it advances into a member, the amount of [ with the 
probe in a reliance member ] contact softened zone will carry out a plastic flow to back, and the slot produced after passage of 
a probe will be filled. Subsequently, the probe of an insertion state which moved to the reliance member is applied, and it draws 
out from a member. By carrying out like this, it becomes impossible for the hole and crevice after probe drawing to remain in a 
joint therefore, the fall of the bonding strength of a joint can be prevented, and the reliability of a joint on the strength also 
improves. Then, further, by removing a reliance member, the fall of the appearance appearance of the junction article which the 
hole and crevice after probe drawing stop remaining in joint material therefore, and is produced by the hole and crevice after 
probe drawing can be prevented, therefore the appearance of a junction article can be maintained now. 
[0015] 

[Embodiments of the Invention] Next, the operation gestart of this invention is explained based on a drawing. 
[0016] Drawing 1 - drawing 6 show 1 operation gestart of this invention. In drawing 1 , (1) and (2) are two joint material which 
consists of cylindrical aluminum extrusion pipe material which has predetermined length in a circular cross section. These joint 
material (1) and (2) are isomorphism and this ** mutually. And these joint material (1) and (2) are arranged in the mode which 
compares end faces. In this matching state, the axis (P) of these joint material (1) and (2) and (P) are in agreement, therefore 
the peripheral face of one joint material (1) and its peripheral face of the joint material (2) of another side are flat-tapped. 
[0017] this operation gestart shows the case where cover the perimeter of the matching section (3) and friction churning 
junction of two joint material (1) arranged in the matching state and (2) is carried out as well as the above-mentioned 
conventional technology — it is a thing Therefore, the matching section (3) turns into a joint of joint material (1) and (2), and the 
hoop direction in the matching section (3) of joint material (1) and (2) turns into the direction of a junction line. And the junction 
article joined by this friction churning junction is used as the member for suspension arms, the member for engine mounts, a 
member for space frames, etc. 

[0018] (20) is a junction tool, on the edge axis of the pillar-like rotator (21) of path size, the pin-like probe (22) of **** projects, 
it is prepared at one, and high-speed rotation of the probe (22) is carried out by carrying out high-speed rotation of the rotator 
(21). In addition, the probe (22) and the rotator (21) are formed with the heat-resisting material which can bear the frictional 
heat which is hard and is generated from joint material (1) and (2) at the time of junction. 

[0019] (10) — the reliance made from aluminum of a tabular — it is a member This reliance member (10) is for a probe (22) 
drawing out to the junction trailer of joint material (1) and (2), and making [ do not leave a hole or a crevice and ] them it so that 
it may mention later. It is hit against the tangential direction of the junction line in this junction trailer by the junction trailer, one 
side of the thickness direction is made into a probe passage side (11), and the end side of the length direction is made into a 
contact side (12) with joint material. While the aforementioned probe passage side (11) consists of a flat side, the 
aforementioned contact side (12) consists of a curve side which curved circularly so that it might correspond to the peripheral 
face of joint material (1) and (2). When this reliance member (10) applies this to a junction trailer (W2) at the tangential direction 
of the junction line in this junction trailer, and (refer to drawing 4 (a)), While the aforementioned contact side (12) contacts the 
peripheral face of joint material (1) and (2) at a field contact state, the aforementioned probe passage side (11) has become flat- 
tapped with the peripheral face of the joint material (1) in a junction trailer (W2), and (2). 

[0020] And this reliance member (10) is supported with sufficient stability by the metal supporter material (13) of the letter of a 
block. This supporter material (13) is applied by the peripheral face of joint material (1) and (2) with a reliance member (10), and 
the contact side (14) consists of a curve side which curved circularly so that it might correspond to the peripheral face of joint 
material (1) and (2). And when this supporter material (13) applies the aforementioned reliance member (10) to a junction trailer 
(W2), the aforementioned contact side (14) is contacted by the peripheral face of joint material (1) and (2) at the field contact 
state. Friction churning junction according to this invention is performed as follows. That is, the probe (22) of the rotation state 
of the aforementioned junction tool (20) is inserted in the matching section (3) from the front face, as shown in drawing 1 and 
drawing 2 (a). As shown in drawing 2 (b), in the state of probe insertion and the flatness-like shoulder (21a) at the nose of cam 
of a rotator (21) While making the peripheral face of joint material (1) and (2) contact can prevent scattering of the material for a 
softened zone in the middle of the time of a junction start, or junction and it can realize a uniform junction state It is desirable 
from the point of making frictional heat produce further by sliding with joint material (1), (2), and a shoulder (21a), promoting the 
contact section with a probe, or softening of the near, and preventing concavo-convex formation of the peripheral face of joint 
material (1) and (2) further. 

[0021] And with a probe insertion state, the axis (P) is rotated for joint material (1) and (2) as the axis of rotation so that the 
matching section (3) may pass a probe (22) one by one. 

[0022] With the frictional heat generated by rotation of a probe (22), or the frictional heat further generated with sliding with the 
shoulder (21a) of a rotator (21), and the peripheral face of joint material (1) and (2) After carrying out a plastic flow with rotation 
of joint material (1) and (2) so that a softening churning portion may fill the passage slot on the probe (22) while softening joint 
material (1) and (2) [ near the contact portion with a probe (22) ] and being agitated, frictional heat is lost quickly and cooling 
solidification is carried out. As this phenomenon is successively repeated with rotation of joint material (1) and (2) and it is 
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shown in drawing 3 (a), in the matching section (3), it is unified and both joint material (1) and (2) are joined one by one. In 
addition, in drawing 3 (a), (W) is the junction bead section formed of this friction churning junction, and is formed along with the 
matching section (3). Moreover, (W1) is a junction leader. 

[0023] And when the junction leader (W1) has returned to the insertion point of a probe (22), Or when a junction leader (W1) 
passes the insertion point of a probe (22) further. That is, although it becomes a junction end since it means that both joint 
material (1) and (2) were continued and joined to the perimeter of the matching section (3) as shown in drawing 3 (b) when joint 
material (1) and (2) rotate, [ one or more-revolution ] when the probe (22) was drawn out from the peripheral face of joint 
material (1) and (2) by this probe insertion point the above-mentioned conventional technology explained — as — a junction 
trailer (W2) — drawing of a probe — a hole will arise 

[0024] Then, after stopping rotation of joint material (1) and (2), a member (10) is applied at the tangential direction of the 
junction [ in / this junction trailer (W2) / as shown in drawing 4 (a) by guessing / to a junction trailer (W2) ] line supported by 
supporter material (13). In this way, in the state where guessed and the member (10) was applied to the junction trailer (W2), the 
probe passage side (11) of a reliance member (10) is as flat-tapped as the peripheral face of the joint material (1) in a junction 
trailer (W2), and (2). In addition, although not illustrated, before joint material (1) and (2) rotate one time, you may apply a 
reliance member (10) beforehand. 

[0025] Subsequently, the probe (22) of an insertion state is applied and it is made to move to a member (10), as shown in 
drawing 4 (bX On the occasion of movement of this probe, with the peripheral face of the joint material (1) in a junction trailer 
(W2), and (2), since the probe passage side (11) of a reliance member (10) is flat-tapped, it can move a probe (22) to a reliance 
member (10) smoothly with an insertion state. 

[0026] Thus, if a probe (22) guesses and it advances into a member (10), the amount of [ with the probe (22) in a reliance 
member (10) ] contact softened zone carries out a plastic flow to back, and the slot produced after passage of a probe (22) is 
filled, therefore neither a hole nor a crevice remains in the junction trailer (W2) of joint material (1) and (2). 

[0027] Subsequently, the probe (22) which moved to the reliance member (10) is drawn out from the probe passage side (1 1) of 
a reliance member (10), as shown in drawing 5 . then, a reliance member (10) — drawing of a probe — since a hole (4) will be 
formed, as shown in drawing 6 , along with the peripheral face of joint material (1) and (2), cutting removal of this reliance 
member (10) is carried out By carrying out like this, it becomes impossible for a hole and a crevice to remain on the remains of 
probe passage in joint material (1) and (2) therefore, and a junction state can obtain a good junction article. 

[0028] In addition, although not illustrated, the probe (22) which moved to the reliance member (10) may be applied, it may draw 
out from the end face of a member (10), and, subsequently this reliance member (10) may be removed. 

[0029] Moreover, you may carry out separately the process which joins the matching section (3) of joint material (1) and (2), and 
the process which applies a probe (22) and is moved to a member (10). Namely, after joining the matching section (3) of joint 
materia! (1) and (2), for example, by drawing out a probe (22) from joint material (1) and (2) a junction trailer (W2) — drawing of a 
probe, while manufacturing beforehand two or more junction articles with which the hole (4) is formed, hitting against the 
junction trailer (W2) of a junction article after that and applying a member (10) probe drawing — a probe may be again inserted 
in a hole (4), this probe may be applied, and you may make it move to a member (10) 

[0030] In addition, as mentioned above, as for the thing and bird clapper which the remains of probe passage of the junction 

trailer in joint material (1) and (2) are filled up with a part of material of a reliance member (10), and make a part of joint material 

to a reliance member (10), it is desirable to be manufactured by the same material as joint material (1) and (2). 

[0031] Drawing 7 shows the example of a changed completely type of the above-mentioned operation form. 

[0032] This modification shows the case where the butt joint of two or more joint material is carried out continuously. It will be 

as follows if this friction churning conjugation method is explained. 

[0033] That is, as shown in this drawing (i), the probe (22) of a junction tool (20) is inserted in the matching section (3) of joint 
material (1) and (2) like the above-mentioned operation form. And when joint material (1) and (2) rotate, this joint material (1) 
and (2) compare and it is continued and joined to the perimeter of the section (3), [ one or more-revolution ] After stopping 
rotation of joint material (1) and (2), while applying the end section of a reliance member (10) to a junction trailer (W2), the other 
end is applied to the matching section (3') of the joint material in the state where it does not join (V) (2'). Subsequently, the 
probe (22) of an insertion state is applied and it is made to move to a member (10). as shown in this drawing (ii). Furthermore, a 
probe (22) is moved and this probe (22) is made to advance into the matching section (3') of the joint material in the state where 
it does not join (V) (2'), as shown in this drawing (iii). Subsequently, after cutting a reliance member (10) along with the 
peripheral face of the joint material in the state where it does not join (V) (2*) (cutting section 10a), as shown in this drawing (i), 
friction churning junction of the matching section (3*) of the joint material in this state where it does not join (V) (2') is carried 
out like the above-mentioned operation form. 

[0034] By carrying out like this, the butt joint of two or more joint material can be continuously carried out now, the hole or 
crevice after probe drawing do not remain, that is, the good junction article of a junction state can be obtained efficiently. 
[0035] Furthermore, this invention is not limited to the above-mentioned operation form. 

[0036] For example, joint material (1) and (2) are not rotated, joint material (1) and (2) are fixed, and a probe (22) may be moved 
along with the matching section (3) of joint material (1) and (2). 

[0037] Moreover, the direction which applies a reliance member (10) to a junction trailer (W2) may be a direction near the 
tangential direction of the junction line in a junction trailer (W2). 

[0038] From the first joint material (1) and (2) may not consist of metal material other than aluminum, they do not need to be 

pipe material, and may be solid material. 

[0039] 

[Effect of the Invention] This invention inserting the rotating probe in the aforementioned joint in the joint material which has 
the joint of a hoop direction in a peripheral surface, softening the contact section with a probe in frictional heat, and agitating by 
above-mentioned order By moving a probe relatively along with the aforementioned joint in the state of insertion In the friction 
churning conjugation method which joins the aforementioned joint material to the junction trailer of the aforementioned joint 
material Guess in the tangential direction of the junction line in this junction trailer, or the direction near it, and a member is 
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applied Since it is characterized by passing a junction trailer and moving the probe of the aforementioned insertion state to a 
reliance member, according to the friction churning conjugation method concerning this invention, by part for a contact softened 
zone with the probe in a reliance member, the slot produced after passage of a probe is filled and things are made. Therefore, 
even if it is the case where the joint material which has the joint of a hoop direction in a peripheral surface is joined by friction 
churning junction, the hole or crevice after probe drawing cannot remain in a junction trailer, that is, the bonding strength of a 
joint can obtain a high junction article with the high reliability on the strength to it. Furthermore, after drawing out a probe from 
a reliance member, by removing this reliance member, the hole or crevice after probe drawing cannot remain in joint material, 
that is, the good junction article of appearance can be obtained to it. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective diagram showing 1 operation form of this invention. 

[Drawing 2] It is drawing showing this operation form, and is a cross section in the state where (a) inserted the probe in the II— II 
line cross section in drawing 1 , and (b) inserted it in the matching section of joint material. 

[Drawing 3] It is drawing showing this operation form, and is a cross section in the state where the cross section of the state in 
the middle of rotation of joint material rotated (a), and joint material rotated (b) one time. 

[Drawing 4] It is drawing showing this operation gestalt, and they are a cross section in the state where (a) applied the reliance 
member to the junction trailer, and a cross section in the state where (b) applied the probe and it was made to move to a 
member. 

[Drawing 5] It is drawing showing this operation gestalt, and they are a perspective diagram in the state where (a) applied the 
probe and it was made to move to a member, and a perspective diagram in the state where (b) applied the probe and it drew out 
from the member. 

[Drawing 6] It is drawing showing this operation gestalt, and is a perspective diagram in the state where the reliance member 
was detached from joint material. 

[Drawing 7] It is drawing showing the example of a changed completely type of this operation gestalt, and they are a cross 
section in the state where (i) applied the cross section of the state in the middle of rotation of joint material, (ii) applied the 
probe, and it was made to move to a member, and a cross section in the state where (iii) detached the reliance member from 
non-joined joint material. 

[Drawing 8] It is drawing showing the conventional friction churning junction, and (a) is the perspective diagram of the state 
before junction of joint material, and (b) is the perspective diagram of the state in the middle of junction. 

[Drawing 9] It is drawing showing the fault of the conventional friction churning junction, and is the perspective diagram of the 
state after junction of joint material. 
[Description of Notations] 
1 2 — Joint material 

3 — Matching section Goint) 

4 — probe drawing — a hole 

10 — It guesses and is a member. 
13 — Supporter material 
20 — Junction tool 
22 — Probe 

W — Junction bead section 
W1 — Junction leader 
W2 — Junction trailer 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 7] 




[Drawing 9] 
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5o rcD^n-ycD^KJC^L, STSStt (10) 
n-^iiiSffi (11) li, S^»iBgR (W2) 
S^SfPtt (l) (2) ^IS^E-t^oTV^^ 
ib, Xn-X (2 2) £»AtttS0>££T**A-Xt;iS 
TSM* (10) |C»»S-frS^t3&St?#-6o 

[0 0 2 6] Z<D& ^Ctt/O" X (22) ^S^Tffl 
W (10) tcitAi-St, STfflM* (10) lC;fctt5X 
u-X (2 2) twaH*Wk»»iS**^t«tt«IS«iL 
T, /p-y (2 2) <Diiii|£l;:£C5«£*l£>, t£o 
xm&Utt (l) (2) <o«£*MBffi (W2) ICJL-^BO 

[0 0 2 7] &V>T\ i$TSM# (1 o) i^iLtyo 
-x (22) ms^^-Tct ?td, ^tsbw do) 

<7)Xn-Xiii®® (l l) ^6>3l#ft<, 
»*t (10) ^Xu-X(D5IS#7L (4) *s»«SJxS 
d££&6(D-C\ i6(OTtJ; rco^TSlW (1 
o) &»&mt (1) (2) ^iffi|:?&oT»* 
t6 0 r^f^r^ia^ (l) (2) (C*5 

[0 0 2 8] ft*5, i^ttl^t^, (1 
0) tC^tbLfcXn— X (2 2) Sr^tM (10) <7) 

»B35»e>gi#»sr, ^^:o^rm^ (10) 

[0 0 2 9] g§^$|5|t (1) (2) CD^iHfB 

(3) S:»^t5lSt, T'p-y (2 2) ^^T§|5M 
(10) i:»ft$^5IStSr, S^^ItTLtt)^ 
v\ i-fttofe, (1) (2) <D&&£tt 

(3) «r«*Lfc«, ^n-X (2 2) «r«^»W 
(1) (2) /6^^|#fe< r kfCfcoT, 
(W2) C/p-^^IS^IL (4) «^tltl^ 

<o»&»itm (W2) ic^ra^ (10) ^^T6^ 
fe«c, ^o-X3l»#7L (4) *c^n-^«r»*l»AL 
TK/p-^*rST«W (10) lc»»S-fr-ctAv^o 

[0 0 3 0] ft*5, ±iii!L/i:J: STSBW (10) 
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ffihLfcfg, arjfPW (10) O-ttftSr&g-ftttH 

(W2) ^aT5fcit>*ctejB»Sr*«^tt«(0«^ffl 
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2) Sr^TSfBW (10) fd^Bj^iirSo Mt^n-y 
(22) £^S>£irc, 1^0 (in ) M^-TJ; is 
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^ (o^m^ikm^m^un d* ) (2' ) 

■iirfflJ (3* ) mm ( i ) K^i"J:5fc:, JiiSHJS^ 
[0 0 3 4] iptS^^^J;^ SSi^S^OT^ 20 

[0035] $btcco^ti±isnn6^«i{cps^$n 

[0 0 3 6] 0tj^ii\ S^JfUW (1) (2) £|el<fc£-ti: 
5Wt'lii<, g^S&W (1) (2) ?r@^Lt^#, 
^u-;/ (2 2) *&&mt (1) (2) <0^-frffl$ 
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